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(54) NON-AQUEOUS TYPE CELL 

(57) Disclosed is a novel non-aqueous battery com- 
prising a spirally wound electrode assembly comprising 
a cathode, an anode and a separator which are wound 
together into a spirally wound structure so that the cath- 
ode and anode active material layers are arranged 
opposite to each other through the separator, and 
accommodated in a casing together with a non-aque- 
ous electrolyte, wherein the battery has a cathode-equi- 
potential metallic segment provided in association with 
the cathode, wherein the segment has on at least one 
side thereof a portion free of a cathode active material 
layer to provide a cathode-equipotential, exposed 
metallic portion (a) longitudinally extending over a 
length of one wind or more of the spirally wound struc- 
ture, the portion (a) being positioned opposite to an 
anode-equipotential, exposed metallic portion (p) which 
is provided, in association with the anode, over a length 
of one wind or more of the spirally wound structure. Also 
disclosed is a non-aqueous battery comprising a 
stacked or zigzag-folded laminate electrode assembly 
accommodated in a casing, each having substantially 
the same structure as that of the spirally wound elec- 
trode assembly. By virtue of the unique construction, 
even at accidents, e.g., an accident in which the battery 
is crushed by an external pressure, overcharged by a 
malfunctioning of a charging circuit, pentrated with an 
iron nail etc., or heated by external high temperature 
heat source, a low resistance short-circuiting safely 
occurs between metallic segments without suffering a 
large temperature elevation. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to a novel non-aque- 
ous battery. More particularly, the present invention is 
concerned with a non-aqueous battery comprising (1) a 
casing, (2) a non-aqueous electrolyte contained in a 
space defined by an inner wall of the casing, and (3) a 
spirally wound electrode assembly accommodated in 
the above-mentioned space, operatively with the non- 
aqueous electrolyte, wherein the spirally wound elec- 
trode assembly comprises a cathode (comprising a 
cathode active material layer), an anode (comprising an 
anode active material layer) and a separator which are 
spirally wound together into a spirally wound structure 
so that the cathode active material layer and the anode 
active material layer are arranged opposite to each 
other through the separator, and wherein the battery 
has a cathode-equipotential metallic segment provided 
in association with the cathode, in which the cathode- 
equipotential metallic segment has on at least one side 
thereof a portion free of a cathode active material layer 
to provide a cathode-equipotential, exposed metallic 
portion (a) longitudinally extending over a length of one 
wind or more of the spirally wound structure, wherein 
the cathode-equipotential, exposed metallic portion (a) 
is positioned opposite to an anode-equipotential, 
exposed metallic portion (|3) which is provided, in asso- 
ciation with the anode, over a length of one wind or 
more of the spirally wound structure. The present inven- 
tion is also concerned with a non-aqueous battery hav- 
ing substantially the same construction as in the above- 
mentioned battery, except that, in place of the above- 
mentioned spirally wound electrode assembly, use is 
made of a stacked laminate electrode assembly or a 
zigzag-folded laminate electrode assembly, each having 
substantially the same cathode/separator/anode struc- 
ture as that of the above-mentioned spirally wound elec- 
trode assembly. By virtue of the above-mentioned 
unique construction of the battery of the present inven- 
tion, it has become possible to ensure the safety of the 
battery even when the battery suffers an accident. Spe- 
cifically, even when the battery of the present invention 
suffers accidents, such as an accident in which the bat- 
tery casing is crushed by an external pressure, an acci- 
dent in which the battery is overcharged by a 
malfunctioning of a charging circuit or the like, an acci- 
dent in which the battery is penetrated with a metallic 
nail or the like, and an accident in which the battery is 
exposed to heat from an external high-temperature heat 
source, the battery is adapted to be easily subject to 
short-circuiting between metallic segments having very 
low electric resistance, to thereby prevent the occur- 
rence of a rapid temperature elevation in the battery, so 
that the safety of the battery can be ensured. 



Prior Ar t 

A conventional lithium ion secondary battery using 
a non-aqueous electrolytic liquid generally has a con- 

5 struction in which a spirally wound electrode assembly 
is used, wherein the electrode assembly comprises a 
cathode sheet (prepared by coating an aluminum foil 
with a lithium-containing composite metal oxide as a 
cathode active material), an anode sheet (prepared by 

10 coating a copper foil with a carbonaceous material as 
an anode active material) and a separator composed of 
a microporous polyethylene film or the like (which is dis- 
posed between the cathode sheet and the anode sheet) 
which are spirally wound together into a spirally wound 

15 structure, and in which the electrode assembly is 
accommodated in a can made of stainless steel, which 
functions as an outside electrode, such as an outside 
anode. With respect to the details of the above-men- 
tioned lithium ion secondary battery using a non-aque- 

20 ous electrolytic liquid, reference can be made, for 
example, to Unexamined Japanese Patent Application 
Laid-Open Specification No. 2-51875 and Unexamined 
Japanese Patent Application Laid-Open Specification 
No. 5-234620. 

25 The above-mentioned lithium ion secondary battery 
has various advantageous characteristics, such as high 
capacity, high voltage and high output. However, due to 
the above-mentioned characteristics of the lithium ion 
secondary battery, it is important to ensure the safety of 

30 the battery as described below in detail. For the pur- 
pose of ensuring the safety of the lithium ion secondary 
battery, it has conventionally been practiced to provide a 
lithium ion secondary battery having various types of 
protective means, such as a temperature fuse, a current 

35 fuse and a PTC element, so as to prevent occurrence of 
the temperature elevation at an accident, such as an 
accident in which a short-circuiting between the cath- 
ode and the anode occurs due to a malfunctioning of the 
circuit or the like. Further, it has also conventionally 

40 been practiced to provide a lithium ion secondary bat- 
tery having a safety valve so as to prevent occurrence of 
the elevation of the internal pressure of the battery. 

However, it is possible that the short-circuiting of 
the battery occurs at various accidents other than the 

45 above-mentioned malfunctioning of a circuit or the like. 
For example, when the battery suffers accidents, such 
as an accident in which the battery casing is crushed by 
an external pressure and an accident in which the bat- 
tery is overcharged by a malfunctioning of a charging 

so circuit or the like, the separator disposed between the 
cathode and the anode is broken or melted, causing a 
short-circuiting between the cathode and the anode in 
the battery. When the battery suffers an accident in 
which the battery casing (which serves as an anode) is 

55 penetrated with a conductive member, such as a metal- 
lic nail or the like, a short-circuiting occurs between the 
cathode and the iron nail penetrating the casing as the 
anode. Further, when the battery suffers an accident in 
which the battery is exposed to heat from an external 
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high-temperature heat source, the separator disposed 
between the cathode and the anode is melted sooner 
than the metals used in the cathode and the anode, 
thereby causing a short-circuiting between the cathode 
and the anode. With respect to the battery which is in 5 
the non-charged state or the completely discharged 
state, such a battery is free from the above-mentioned 
disadvantages. However, with respect to the battery 
which is in the charged state, the above-mentioned 
advantageous characteristics of the battery (such as 
high capacity and high voltage) rather adversely affect 
the safety of the battery. That is, from the viewpoint of 
safety, the lithium ion secondary battery in the charged 
state is rather inferior to other types of batteries. The 
reason for this is considered to be as follows. In a lithium 
ion secondary battery, as a cathode active material, use 
is made of a composite metal oxide of lithium, a transi- 
tion metal and optionally a non-transition metal, such as 
LiCo0 2 . The above-mentioned composite metal oxide 
used as a cathode active material has a relatively high 
resistance. Therefore, when the short-circuit current 
passes through the cathode active material, the temper- 
ature of the cathode active material is easily elevated. In 
addition, when the battery is in the charged state, the 
composite metal oxide (cathode active material) is in 
the unstable state in which a certain amount of lithium 
atoms are liberated from the composite metal oxide in 
the form of lithium ions. When the temperature of such 
a cathode active material is elevated, the cathode active 
material are likely to decompose to generate active oxy- 
gen. Therefore, there is a danger that the generated 
active oxygen vigorously reacts with an aluminum foil (a 
current collector for the cathode) coated with the cath- 
ode active material and/or with an organic solvent used 
in the non-aqueous electrolyte, thereby rapidly elevating 
the temperature of the battery. 

Therefore, it has been desired to develop a non- 
aqueous battery exhibiting high safety, in which occur- 
rence of the short-circuiting between the cathode active 
material and the anode or occurrence of the tempera- 
ture elevation caused by such a short-circuiting can be 
suppressed even when the battery suffers accidents, 
such as an accident in which the battery casing is 
crushed by an external pressure, an accident in which 
the battery is overcharged by a malfunctioning of a 
charging circuit or the like, an accident in which the bat- 
tery is penetrated with a metallic nail or the like, and an 
accident in which the battery is exposed to heat from an 
external high-temperature heat source. 

SUMMARY OF THE INVENTION 

The present inventor has made extensive and 
intensive studies with a view toward developing a non- 
aqueous battery which is free from the above-men- 
tioned problems accompanying the conventional non- 
aqueous battery. As a result, it has unexpectedly been 
found that a specific non-aqueous battery as defined 
below exhibits high safety even at various accidents. 



Such a non-aqueous battery comprises (1) a casing, (2) 
a non-aqueous electrolyte contained in a space defined 
by an inner wall of the casing, and (3) a spirally wound 
electrode assembly accommodated in the above-men- 
tioned space, operatively with the non-aqueous electro- 
lyte, wherein the spirally wound electrode assembly 
comprises a cathode (comprising a cathode active 
material layer), an anode (comprising an anode active 
material layer) and a separator which are spirally wound 
together into a spirally wound structure so that the cath- 
ode active material layer and the anode active material 
layer are arranged opposite to each other through the 
separator, and wherein the battery has a cathode- equi- 
potential metallic segment provided in association with 
the cathode, in which the cathode-equipotential metallic 
segment has on at least one side thereof a portion free 
of a cathode active material layer to provide a cathode- 
equipotential, exposed metallic portion longitudinally 
extending over a length of one wind or more of the spi- 
rally wound structure, wherein the cathode-equipoten- 
tial, exposed metallic portion is positioned opposite to 
an anode-equipotential, exposed metallic portion which 
is provided, in association with the anode, over a length 
of one wind or more of the spirally wound structure. By 
virtue of such a unique construction of the non-aqueous 
battery, even when the battery suffers accident in which 
the casing of the battery is crushed by an external pres- 
sure, thereby causing the separator (disposed between 
the cathode and the anode) to be broken at a plurality of 
portions thereof simultaneously, the battery undergoes 
simultaneously a short-circuiting between the cathode- 
equipotential, exposed metallic portion free of the cath- 
ode active material and the anode-equipotential, 
exposed metallic portion free of the anode active mate- 
rial. Since the short-circuit resistance between the 
exposed metallic portions is very low, as compared to 
the short-circuit resistance between the cathode active 
material and anode, most of the short-circuit current 
flows through the short-circuiting portion between the 
exposed metallic portions, whereas almost no short-cir- 
cuit current flows through the cathode active material, in 
accordance with the current distribution between the dif- 
ferent short-circuiting portions which is in inverse pro- 
portion to the resistance of the respective short- 
circuiting portion. That is, even when the above-men- 
tioned battery suffers accidents as mentioned above, a 
safe internal short-circuiting occurs without being 
accompanied by disadvantageous phenomena, such as 
rapid heat generation which results in the rapid temper- 
ature elevation of the battery. Further, it has also been 
found that the above-mentioned effects can be achieved 
by the non-aqueous battery having accommodated in a 
casing thereof a stacked laminate electrode assembly 
or a zigzag-folded laminate electrode assembly, 
wherein each of the electrode assemblies has substan- 
tially the same structure as in the above-mentioned spi- 
rally wound electrode assembly, so that it has a 
cathode-equipotential, exposed metallic portion and an 
anode-equipotential, exposed metallic portion. The 
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present invention has been completed, based on these 
novel findings. 

Accordingly, it is an object of the present invention 
to provide a non-aqueous battery exhibiting high safety, 
which is free from the occurrence of rapid heat genera- 
tion which results in the rapid temperature elevation of 
the battery, and which is made, based on a quite novel 
idea to so design a battery that, even when the battery 
suffers accidents, such as an accident in which the cas- 
ing of the battery is crushed by an external pressure, an 
accident in which the battery is overcharged by a mal- 
functioning of a charging circuit or the like, an accident 
in which the battery is penetrated with a conductive 
member, such as a metallic nail, and an accident in 
which the battery is exposed to heat from external high- 
temperature heat source, the battery is adapted to be 
easily subject to short-circuiting between metallic seg- 
ments, i.e., a cathode-equipotential, exposed metallic 
portion and an anode-equipotential, exposed metallic 
portion. 

The foregoing and other objects, features and 
advantages of the present invention will be apparent 
from the following detailed description taken in connec- 
tion with the accompanying drawings and the appended 
claims. 

Brief Description of the Drawings 
In the drawings: 

Fig. 1 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to one embodiment 
of the present invention, which has a spirally wound 
electrode assembly. 

Fig. 2 is another diagrammatic cross-sectional view 
of the non-aqueous battery of Fig. 1, showing the 
state of the battery in which the battery is crushed 
by an external pressure. 

Fig. 3 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to another embodi- 
ment of the present invention, which has a spirally 
wound electrode assembly. 
Fig. 4 is another diagrammatic cross-sectional view 
of the non-aqueous battery of Fig. 3, showing the 
state of the battery in which the battery has an iron 
nail penetrated thereinto. 

Fig. 5 is a diagrammatic cross-sectional view of a 

non-aqueous battery according to still another 

embodiment of the present invention, which has a 

spirally wound electrode assembly. 

Fig. 6 is a diagrammatic cross-sectional view of a 

non -aqueous battery according to still a further 

embodiment of the present invention, which has a 

spirally wound electrode assembly. 

Fig. 7 is a diagrammatic cross-sectional view of a 

non-aqueous battery according to still a further 

embodiment of the present invention, which has a 

spirally wound electrode electrode assembly. 

Fig. 8 is a diagrammatic cross-sectional view of a 



non-aqueous battery according to still a further 
embodiment of the present invention, which has a 
spirally wound electrode assembly. 
Fig. 9 is a diagrammatic cross-sectional view of a 

s non-aqueous battery according to still a further 

embodiment of the present invention, which has a 
stacked laminate electrode assembly. 
Fig. 10 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further 

10 embodiment of the present invention, which has a 
stacked laminate electrode assembly. 
Fig. 1 1 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further 
embodiment of the present invention, which has a 

15 zigzag-folded laminate electrode assembly. 

Fig. 12 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further 
embodiment of the present invention, which has a 
zigzag-folded laminate electrode assembly. 

20 

Description of the Reference Numerals 

1 : Cathode metallic foil 

2 : Cathode active material layer 
25 3 : Cathode 

4 : Anode metallic foil 

5 : Anode active material layer 
6 : Anode 

7 : Separator made of an ion-transmitting separa- 

30 tor material 

8 : Casing 

9 : Metallic extension from a cathode metallic foil 

10: Cathode tab 

1 1 : Metallic extension from an anode metallic foil 

35 12: Anode tab 

13: Tubular core 

14: Core having a slit 

15: Separator made of an ion-insulating separator 
material 

40 1 6: Separator made of a material having a relatively 
low melting temperature 

17: Separator having a thickness smaller than that 

of separator 7 above 

18: Electrically conductive, rigid or elastic member 

45 19: Iron nail 

DETAILED DESCRIPTION OF THE PRESENT INVEN- 
TION 



so In one aspect of the present invention, there is pro- 
vided a non-aqueous battery comprising: (1) a casing, 
(2) a non-aqueous electrolyte contained in a space 
defined by an inner wall of the casing, and (3) a spirally 
wound electrode assembly accommodated in the 

55 space, operatively with the non-aqueous electrolyte, 

the spirally wound electrode assembly (3) com- 
prising: 

a cathode comprising (a-1) a cathode metallic foil 
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capable of serving as a cathode current collector, 
and (a-2) a cathode active material layer formed on 
at, least one side of the cathode metallic foil (a-1), 
an anode comprising an anode active material 
layer, and 

a separator disposed between the cathode and the 
anode, 

the cathode, the anode and the separator being 
spirally wound together into a spirally wound structure, 
wherein the cathode active material layer and the anode 
active material layer are arranged opposite to each 
other through the separator, 

the battery having a cathode-equipotential 
metallic segment provided in association with the cath- 
ode, wherein the cathode-equipotential metallic seg- 
ment has on at least one side thereof a portion free of a 
cathode active material layer to provide a cathode-equi- 
potential, exposed metallic portion (a) longitudinally 
extending over a length of one wind or more of the spi- 
rally wound structure, 

the cathode-equipotential, exposed metallic por- 
tion (a) being positioned opposite to an anode-equipo- 
tential, exposed metallic portion (p), which portion (p) is 
provided, in association with the anode, over a length of 
one wind or more of the spirally wound structure. 

In the present invention, the term "cathode-equipo- 
tential, exposed metallic portion" is intended to mean an 
exposed metallic portion having an equipotential to the 
potential of the cathode. Likewise, the term "anode- 
equipotential, exposed metallic portion" used herein is 
intended to mean an exposed metallic portion having an 
equipotential to the potential of the anode. 

With respect to the non-aqueous battery of the 
present invention, detailed explanation is made below. 

As mentioned above, according to one embodiment 
of the present invention, the non-aqueous battery of the 
present invention comprises (1) a casing, (2) a non- 
aqueous electrolyte contained in a space defined by an 
inner wall of the casing, and (3) a spirally wound elec- 
trode assembly accommodated in the space, opera- 
tively with the non-aqueous electrolyte. In the above- 
mentioned battery, the spirally wound electrode assem- 
bly (3) comprises a cathode comprising (a-1) a cathode 
metallic foil capable of serving as a cathode current col- 
lector, and (a-2) a cathode active material layer formed 
on at least one side of the cathode metallic foil (a-1), an 
anode comprising an anode active material layer, and a 
separator disposed between the cathode and the 
anode. The cathode, the anode and the separator are 
spirally wound together into a spirally wound structure, 
wherein the cathode active material layer and the anode 
active material layer are arranged opposite to each 
other through the separator. 

The characteristic feature of the non-aqueous bat- 
tery according to this embodiment of the present inven- 
tion, which has a spirally wound electrode assembly, 
resides in that the battery has a cathode-equipotential 
metallic segment provided in association with the cath- 



ode, wherein the cathode-equipotential metallic seg- 
ment has on at least one side thereof a portion free of a 
cathode active material layer to provide a cathode-equi- 
potential, exposed metallic portion (a) longitudinally 

5 extending over a length of one wind or more of the spi- 
rally wound structure, wherein the cathode-equipoten- 
tial, exposed metallic portion (a) is positioned opposite 
to an anode-equipotential, exposed metallic portion (p), 
which portion (p) is provided, in association with the 

10 anode, over a length of one wind or more of the spirally 
wound structure. 

In the present invention, it is preferred that the 
above-mentioned anode comprises (b-1) an anode 
metallic foil capable of serving as an anode current coi- 
rs lector, and (b-2) an anode active material layer formed 
on at least one side of the anode metallic foil (b-1), or 
comprises (b-3) an anode active material metallic foil 
capable of serving as an anode active material layer 
and as an anode current collector and optionally (b-4) 

20 an anode current collector metallic foil attached, on at 
least one side thereof, to the anode active material 
metallic foil (b-3) with electrical connection with the 
anode current collector metallic foil. 

Further, in the present invention, it is preferred that 

25 the above-mentioned anode-equipotential, exposed 
metallic portion (p) is at least one member selected 
from the group consisting of: (c) an exposed metallic 
portion of at least one side of the anode metallic foil (b- 
1), wherein the exposed metallic portion is free of anode 

30 active material layer (b-2); (d) an exposed metallic por- 
tion of at least one side of the anode active material 
metallic foil (b-3); (e) an exposed metallic portion of at 
least one side of anode current collector metallic foil (b- 
4), wherein the exposed metallic portion is free of anode 

35 active material metallic foil (b-3) as the anode active 
material layer; and (f) a metallic extension having elec- 
trical connection with and extending from at least one 
end selected from innermost and outermost ends of 
anode metallic foil (b-1), anode active material metallic 

40 foil (b-3) or anode current collector metallic foil (b-4). 

In the present invention, it is preferred that the bat- 
tery has a construction in which the above-mentioned 
cathode-equipotential, exposed metallic portion (a) is at 
least one member selected from the group consisting 

45 of: (g) an exposed metallic portion of at least one side of 
the cathode metallic foil (a-1) at an outermost end por- 
tion thereof, wherein the exposed metallic portion is free 
of cathode active material layer (a-2); and (h) a metallic 
extension having electric connection with and extending 

so from an outermost end of cathode metallic foil (a-1). 

By virtue of the above-mentioned construction of 
the battery, the battery has, for example, the following 
advantages. Even when the battery having a metallic 
casing serving as an anode suffers an accident in which 

55 the casing is penetrated with a conductive member, 
such as a metallic nail, from the outside of the battery, 
the conductive member penetrating the casing as the 
anode also penetrates a separator, so that a low resist- 
ance short-circuiting occurs between the conductive 
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member penetrating the anode casing [the inner wall of 
which functions as an anode-equipotential, exposed 
metallic portion (p) as explained below] and the cath- 
ode-equipotential, exposed metallic portion (a) which is 
free of a cathode active material layer. Further, even 5 
when the battery suffers an accident in which the bat- 
tery is exposed to heat from an external high-tempera- 
ture heat source, a short-circuiting safely occurs in the 
battery without suffering a large temperature elevation 
of the battery for the following reason. In the above- w 
mentioned battery, the outermost one-wind separator 
layer in the electrode assembly is closer to the casing 
than the other portions of the separator. Therefore, 
when the battery is exposed to heat, the above-men- 
tioned outermost one-wind separator layer is caused to 15 
melt sooner than the other portions of the separator, so 
that a low resistance short-circuiting occurs between 
the cathode-equipotential, exposed metallic portion (a) 
and the metallic anode casing, whereas almost no cur- 
rent flows through the cathode active material. In the 20 
battery having the above-mentioned construction, the 
anode-equipotential, exposed metallic portion (p) 
[which is positioned opposite to the above-mentioned 
cathode-equipotential, exposed metallic portion (a)] is 
not limited to the anode casing, and may, for example, 25 
be an exposed portion of the anode metallic foil. 

With respect to the casing, the casing may serve 
either as a cathode or as an anode. Accordingly, the 
inner wall of the casing serving as a cathode can serve 
as a cathode-equipotential, exposed metallic portion 30 
(a), or, alternatively, the inner wall of the casing serving 
as an anode can serve as an anode-equipotential, 
exposed metallic portion (p). Further, the above-men- 
tioned casing may be made of a plastic material, so that 
the casing serves neither as a cathode nor as an anode. 35 
In this case, the plastic casing can be provided with an 
outside electrode. 

In the present invention, it is also preferred that the 
battery has a construction in which the above-men- 
tioned cathode-equipotential, exposed metallic portion 40 
(a) is at least one member selected from the group con- 
sisting of (g 1 ) an exposed metallic portion of at least one 
side of cathode metallic foil (a-1) at an innermost end 
portion thereof, wherein the exposed metallic portion is 
free of cathode active material layer (a-2), and (h') a 45 
metallic extension having electric connection with and 
extending from an innermost end of the cathode metal- 
lic foil (a-1). 

The battery having the above-mentioned construc- 
tion has the following advantages. When the battery 50 
sustains a compressive force and is slowly crushed, the 
innermost portion of the spirally wound electrode 
assembly sustains high pressure, as compared to the 
other portions of the spirally wound electrode assembly 
(the reason for this resides in that the winding diameters 55 
of the innermost portion of the electrode assembly are 
smaller than those of the other portions of the electrode 
assembly), so that the portion of the separator posi- 
tioned in the innermost portion of the electrode assem- 



bly is likely to be broken sooner than the other portions 
of the separator. Therefore, in this battery, a low resist- 
ance short-circuiting rapidly and surely occurs between 
the cathode-equipotential, exposed metallic portion (a) 
and the anode-equipotential, exposed metallic portion 
(p). For this reason, even when a high resistance short- 
circuiting thereafter occurs between the cathode active 
material layer and the anode, each having a high resist- 
ance, the short-circuit current does not flow through a 
portion where such a high resistance short-circuiting 
occurs, to thereby prevent the occurrence of a tempera- 
ture elevation of the cathode active material and 
achieve a safe internal short-circuiting in the battery. 

In the battery of the present invention, with respect 
to the length of an opposing portion in the spirally 
wound electrode assembly at which the cathode-equi- 
potential, exposed metallic portion (a) is positioned 
opposite to the above-mentioned anode-equipotential, 
exposed metallic portion (p), the larger the length of the 
opposing portion, the more effective for improving the 
safety of the battery. Therefore, it is preferred that the 
length of the opposing portion is as large as possible. 
However, when the length of the opposing portion is too 
large, the discharge capacity of the battery is likely to 
become low. Therefore, it is preferred that the opposing 
portion is present in the spirally wound electrode 
assembly over a length of from one to ten winds, more 
preferably from two to four winds. 

Further, it is preferred that the battery of the present 
invention has a construction in which the above-men- 
tioned cathode-equipotential, exposed metallic portion 
(a) has on both sides thereof a portion free of a cathode 
active material layer over a length of one wind or more. 
The battery having such a construction is advantageous 
in that, even when the battery suffers an accident, such 
as an accident in which the battery is crushed by an 
external pressure within a very short period of time, so 
that breakage of the separator (which is disposed 
between the cathode and anode) occurs at various por- 
tions thereof almost simultaneously, or an accident in 
which the current collector foil is penetrated at plurality 
of portions thereof with a conductive member having a 
sharp tip end, such as an iron nail, a low resistance 
short-circuiting surely occurs between both exposed 
metallic portions. 

In the present invention, the battery may have a 
construction in which the above-mentioned cathode- 
equipotential, exposed metallic portion (a) has an elec- 
trode tab for cathode-equipotentially connecting the 
cathode to an outside electrode disposed externally of 
the spirally wound electrode assembly. 

The battery having such a construction is advanta- 
geous in the following points. When the battery suffers 
an accident in which the battery is overcharged by a 
malfunctioning of a charging circuit or the like, a large 
amount of a current is caused to flow through the elec- 
trode tab, so that the temperature of a portion just 
around the electrode tab becomes higher than the tem- 
peratures of the other portions in the battery. As a 
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result, a portion of the separator which is positioned 
between the electrode tab and the anode-equipotential, 
exposed metallic portion (p) is caused to melt sooner 
than the other portions of the separator to thereby 
cause a low resistance short-circuiting between the 5 
cathode-equipotential, exposed metallic portion (a) 
(having the electrode tab provided thereon) and the 
anode-equipotential, exposed metallic portion (p). 
Therefore, in the battery having the above-mentioned 
construction, a short-circuiting safely occurs without w 
suffering a large temperature elevation in the battery 
which is caused due to a thermal decomposition of the 
cathode active material or the like. 

However, in the case of a short-circuiting between 
the anode-equipotential, exposed metallic portion (p) is 
and an outside electrode (such as a cathode casing) 
which is cathode-equipotentially connected to the cath- 
ode through an electrode tab at its weld portion having 
a slight resistance [wherein the outside electrode func- 
tions as cathode-equipotential, exposed metallic portion 20 
(a)], it is likely that the short-circuit resistance is not sat- 
isfactorily low, as compared to the short-circuit resist- 
ance in the short-circuiting between the anode- 
equipotential, exposed metallic portion (p), and the 
above-mentioned exposed metallic portion (g) or (g') 25 
and/or the above-mentioned metallic extension (h) or 
(h'). 

Further, the battery of the present invention may 
have a construction in which the above-mentioned 
anode-equipotential, exposed metallic portion (p) has 30 
an electrode tab for anode-equipotentially connecting 
the anode to an outside electrode disposed externally of 
the spirally wound electrode assembly. 

The battery having such a construction is advanta- 
geous in the following points. When the battery suffers 35 
an accident in which the battery is overcharged by a 
malfunctioning of a charging circuit or the like, a large 
amount of a current is caused to flow through the elec- 
trode tab, so that the temperature of a portion just 
around the electrode tab becomes higher than the tern- 40 
peratures of the other portions in the battery. As a 
result, a portion of the separator which is positioned 
between the electrode tab and the cathode-equipoten- 
tial, exposed metallic portion (a) is caused to melt 
sooner than other portions of the separator to thereby 45 
cause a low resistance short-circuiting between the 
cathode-equipotential, exposed metallic portion (a) and 
the anode-equipotential, exposed metallic portion (p) 
(having the electrode tab provided thereon). Therefore, 
in the battery having the above-mentioned construction, so 
a short-circuiting safely occurs without suffering a large 
temperature elevation in the battery which is caused 
due to a thermal decomposition of the cathode active 
material or the like. 

However, in the case of a short-circuiting between 55 
the cathode-equipotential, exposed metallic portion (a) 
and an outside electrode (such as an anode casing) 
which is anode-equipotentially connected to the anode 
through an electrode tab at its weld portion having a 



slight resistance [wherein the outside electrode func- 
tions as anode-equipotential, exposed metallic portion 
(P)], it is likely that the short-circuit resistance is not sat- 
isfactorily low, as compared to the short-circuit resist- 
ance in the short-circuiting between the cathode- 
equipotential, exposed metallic portion (a) and at least 
one member selected from the exposed metallic por- 
tions (c) to (e) and the metallic extension (f). 

As the above-mentioned metallic extension having 
electric connection with and extending from an inner- 
most and/or outermost end of the current collector 
metallic foil, use can be made of, for example, a metallic 
foil made of the same metal as used in the current col- 
lector metallic foil, which has substantially the same 
width as that of the current collector metallic foil and a 
thickness which is 5 to 20 times that of the current col- 
lector metallic foil, and which is mechanically connected 
to the innermost and/or outermost end of the current 
collector metallic foil by welding or the like so that the 
metallic extension has electrical connection with the 
current collector metallic foil and the resistance at a joint 
portion thereof is low. The metal used for the above- 
mentioned metallic extension may be different from the 
metal used for the current collector metallic foil. In this 
case, however, it is preferred to use a metal which can 
be easily connected to a current collector metallic foil by 
welding or the like. 

With respect to the thickness of the current collector 
metallic foil, for effectively utilizing the space defined by 
the inner wall of the casing to thereby increase the 
capacity of the battery, it is desired that the thickness is 
as small as possible, as long as the metallic foil can 
exhibit sufficient electric conductivity and mechanical 
strength to serve as a current collector. For example, in 
the case of a compact battery, use is generally made of 
a metallic foil having a thickness of from 10 to 20 |nm. 
With respect to the above-mentioned metallic exten- 
sion, for achieving a low resistance short-circuiting at 
the metallic extension (serving as an exposed metallic 
portion), it is desired that the thickness of the metallic 
extension is not too small. For this reason, and also 
from the viewpoint of ease in handling, it is desired that 
the metallic extension is formed of a metallic foil having 
a thickness of from 50 to 200 |mm, which is mechanically 
connected to an outermost and/or innermost end of the 
current collector metallic foil by welding or the like so 
that the metallic extension has electrical connection 
with the current collector metallic foil and the resistance 
of a joint portion thereof is low. 

The above-mentioned electrode tab means a con- 
nector which electrically connect a cathode and/or 
anode of the spirally wound electrode assembly to an 
outside electrode provided on the casing. Generally, in 
the case of a compact battery, a metallic sheet having a 
width of 3 to 5 mm and a thickness of 100 to 200 jam is 
used as an electrode tab. The metallic sheet as an elec- 
trode tab can be connected to the cathode-equipoten- 
tial, exposed metallic portion (a) and/or the anode- 
equipotential, exposed metallic portion (p) by resistance 
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welding or ultrasonic welding. 

With respect to the material for the electrode tab, 
use can be made of the same metals as those used in 
the current collectors for the cathode and the anode. 
Specific examples of metals usable as materials for the 
cathode tab include aluminum, titanium, nickel and 
stainless steel. Specific examples of metals usable for 
the anode tab include copper, nickel and stainless steel. 

With respect to the separator, there is no particular 
limitation, and conventional battery separators can be 
used. 

However, in the present invention, it is preferred 
that the separator is composed of a first separator seg- 
ment (Si) and a second separator segment (S 2 ) as 
described below. 

In the above-mentioned separator, the first separa- 
tor segment (S 1 ) is positioned in at least one first region 
in which the cathode active material layer of the cathode 
is positioned opposite to the anode active material layer 
of the anode, and the second separator segment (S 2 ) is 
positioned in at least one second region in which the 
cathode-equipotential, exposed metallic portion (a) is 
positioned opposite to the anode-equipotential, 
exposed metallic portion (p), wherein the first separator 
segment (S-|) is made of an ion-transmitting separator 
material and the second separator segment (S 2 ) is 
made of a separator material selected from the group 
consisting of an ion-insulating separator material and an 
ion-transmitting separator material. 

With respect to the above-mentioned ion-transmit- 
ting separator material, there is no particular limitation. 
Examples of ion-transmitting materials include a woven 
fabric, a non-woven fabric, a glass fiber woven fabric 
and a microporous synthetic resin film. When it is 
intended to use a thin film electrode having a large sur- 
face area in the non-aqueous battery of the present 
invention, it is preferred to use, for example, the micro- 
porous synthetic resin film as disclosed in Unexamined 
Japanese Patent Application Laid-Open Specification 
No. 58-59072, more preferably the microporous polyole- 
finefilm as disclosed in U.S. Patent No. 5,051,183, each 
of which is suitable for use in the above-mentioned thin 
film electrode in respect of the film thickness, film 
strength, film resistance. 

In the present invention, it is preferred that the 
above-mentioned second separator segment (S 2 ) is 
made of an ion-insulating separator material for the rea- 
son described below in detail. 

A segment of the separator, which is disposed at a 
location between the above-mentioned cathode-equipo- 
tential, exposed metallic portion (a) and the above-men- 
tioned anode-equipotential, exposed metallic portion 
(P), need not have an ion-transmitting property, because 
no electrochemical reaction occurs in that location. 

With respect to the ion-insulating separator mate- 
rial, there is no particular limitation as long as it has no 
electronic conductivity and has high resistance to 
organic solvents. 

Further, the above-mentioned second separator 



segment (S 2 ) may be made of an ion-transmitting sepa- 
rator material. Examples of ion-insulating separator 
materials include a woven fabric, a non-woven fabric, a 
glass fiber woven fabric and a microporous synthetic 

5 resin film. When it is intended to use a thin film electrode 
having a large surface area in the non-aqueous battery 
of the present invention, it is preferred to use, for exam- 
ple, the microporous synthetic resin film as disclosed in 
Unexamined Japanese Patent Application Laid-Open 

10 Specification No. 58-59072, more preferably the micro- 
porous polyolefine film as disclosed in U.S. Patent No. 
5,051,183, each of which is suitable for use in the 
above-mentioned thin film electrode in respect of the 
film thickness, film strength and film resistance. 

15 The above-mentioned ion-insulating separator 
material is advantageous, as compared to the ion-trans- 
mitting separator material not only in respect of the cost 
but also in respect of the strength. Therefore, even 
when the thickness of such an ion-insulating separator 

20 material is extremely small, it can exhibits a satisfactory 
strength. By the use of such a separator material having 
extremely small thickness in the battery, it becomes 
possible to increase the lengths of wound electrodes of 
the spirally wound electrode assembly, which can be 

25 accommodated in the battery per unit volume thereof. 

In the present invention, it is preferred that the 
above-mentioned second separator segment has a 
melting temperature which is 1 00 °C or more, preferably 
from 100 to 200 °C, and which is at least 5 °C lower 

30 than, preferably from 5 to 1 50 °C lower than the melting 
temperature of the above-mentioned first separator seg- 
ment. 

As mentioned above, the second separator seg- 
ment [positioned in at least one second region in which 

35 the cathode-equipotential, exposed metallic portion (a) 
is positioned opposite to the anode-equipotential, 
exposed metallic portion (p)] has a melting temperature 
lower than that of the first separator segment [posi- 
tioned in at least one first region in which the cathode 

40 active material layer of the cathode is opposite to the 
anode active material layer of the anode]. Therefore, 
when the temperature inside the battery becomes high, 
the second separator segment (having a melting tem- 
perature lower than that of the first separator segment) 

45 is easily melted sooner than the first separator segment, 
so that a short-circuiting surely occurs between the 
cathode-equipotential, exposed metallic portion (a) and 
the anode-equipotential, exposed metallic portion (p). 
It is preferred that the melting temperature of the 

so second separator segment is higher than the tempera- 
ture at which a non-aqueous battery is generally used 
(from -20 to 100 °C), and that it is significantly lower 
than the melting temperature of the first separator seg- 
ment (from 120 to 250 °C). 

55 In this connection, when the difference between the 
melting temperature of the second separator segment 
and that of the first separator segment is less than 5 °C, 
a disadvantage may be caused depending on the tem- 
perature distribution within the battery, wherein the first 
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separator segment is occasionally caused to melt 
sooner than the second separator segment. On the 
other hand, when the difference between the melting 
temperature of the second separator segment and that 
of the first separator segment is more than 150 °C, a 5 
disadvantage may be caused, wherein the second sep- 
arator segment is occasionally-caused to melt within the 
range of temperature at which a non-aqueous battery is 
generally used. 

Examples of ion-insulating separator materials usa- 10 
ble for the second separator segment include a polyeth- 
ylene film and a polypropylene film. 

In the present invention, it is preferred that the bat- 
tery has a construction in which the spirally wound elec- 
trode assembly has in a spiral winding center portion 15 
thereof a rigid or elastic core inserted therein, so that 
when the casing of the battery sustains a compressive 
force, the electrode assembly is adapted to be com- 
pressed between the casing and the core. 

The battery having the above-mentioned construe- 20 
tion is advantageous especially when the battery has an 
opposing portion [at which the cathode-equipotential, 
exposed metallic portion (a) is positioned opposite to 
the anode-equipotential, exposed metallic portion (p)] 
over a length of one wind or more from the innermost 25 
end of the spirally wound structure. Specifically, when 
the casing of such a battery sustains a compressive 
force, the portion of the separator, which is positioned in 
the above-mentioned opposing portion, can be easily 
broken, thereby causing a low resistance short- 30 
circuiting between the exposed metallic portions. 

Examples of cathode metallic foils usable in the bat- 
tery of the present invention include metallic foils each 
having a thickness of from 5 to 100 juim, such as an alu- 
minum foil, a titanium foil and a stainless steel foil. Of 35 
these, an aluminum foil having a thickness of from 8 to 
50 jam is preferred, and an aluminum foil having a thick- 
ness of from 10 to 30 |xm is more preferred. With 
respect to the thickness of the cathode active material 
layer formed on at least one side of the cathode metallic 40 
foil, it is preferred that the thickness is from 30 to 300 
jxm, more preferably from 70 to 130 |nm. 

Examples of anode metallic foils usable in the bat- 
tery of the present invention include a copper foil, a 
nickel foil and a stainless steel foil. Of these, a copper 45 
foil and a stainless steel foil are preferred. With respect 
to the thickness of the anode metallic foil, it is preferred 
that the thickness is from 6 to 50 |xm, more preferably 
from 8 to 25 juim. With respect to the thickness of the 
anode active material layer formed on at least one side so 
of the anode metallic foil, it is preferred that the thick- 
ness is from 30 to 300 jum, more preferably from 70 to 
130 juim. 

In the present invention, each of the cathode metal- 
lic foil and the anode metallic foil may be in various 55 
forms. For example, the metallic foil may be in the form 
of an expanded metal, a punched metal and a foamed 
metal. Alternatively, in the present invention, instead of 
the anode metallic foils, use can be made of a sheet of 



a material equivalent to metal in respect of conductivity, 
such as carbon cloth or carbon paper. 

In the present invention, as a cathode active mate- 
rial, a composite metal oxide of an alkali metal (such as 
Li, Na and Ca) and a transition metal (such as Co, Ni, 
Mn, and Fe), and a composite metal oxide of an alkali 
metal, a transition metal and a non -transition metal can 
be used. Examples of composite metal oxides include a 
lithium-containing composite metal oxide having a 
lamellar structure and having the ability to electrochem- 
ically intercalate and deintercalate Li ions. Examples of 
lithium-containing composite metal oxides include 
LiCo0 2 as disclosed in Unexamined Japanese Patent 
Application Laid-Open Specification No. 55-136131 
(corresponding to U.S. Patent No. 4,357,215); Li x Ni- 
y CO( 1 . y) 0 2 as disclosed in Unexamined Japanese Pat- 
ent Application Laid-Open Specification No. 3-49155; 
and Li x Mn 2 0 4 . 

These compounds can be easily obtained by a cal- 
cination reaction of a lithium compound, such as lithium 
hydroxide, lithium oxide, lithium carbonate, lithium 
nitrate or the like, with a metal oxide, a metal hydroxide, 
a metal carbonate, a metal nitrate or the like and, if 
desired, with other metal compounds. 

In present invention, as an anode active material, a 
carbonaceous material, such as a coke, a graphite, and 
an amorphous carbon, can be used. The above-men- 
tioned carbonaceous material may be in various forms, 
such as crushed particles, lamellar particles and spher- 
ical particles. With respect to the type of carbonaceous 
material, there is no particular limitation, and various 
types of carbonaceous materials can be used. Exam- 
ples of carbonaceous materials include a carbon or 
graphite material having a large surface area as dis- 
closed in Unexamined Japanese Patent Application 
Laid-Open Specification No. 58-35881 (corresponding 
to U.S. Patent No. 4,617,243), a calcination -carbonized 
product of a phenolic resin and the like as disclosed in 
Unexamined Japanese Patent Application Laid-Open 
Specification No. 58-209864, and a calcination-carbon- 
ized product of a condensed polycyclic hydrocarbon 
compound as disclosed in Unexamined Japanese Pat- 
ent Application Laid-Open Specification No. 61-111907 
(corresponding to U.S. Patent No. 4,725, 422). Further, 
in the present invention, as an anode active material, a 
composite metal oxide or the like can be used. Alterna- 
tively, in the present invention, metallic lithium as such 
can be used as an anode (anode active material metal- 
lic foil), which can serve not only as an anode active 
material layer but also as an anode current collector. 

With respect to the non-aqueous electrolyte used in 
the battery of the present invention, there is no particu- 
lar limitation. The non-aqueous electrolyte can be pre- 
pared by dissolving the electrolyte as mentioned below 
in an organic solvent. Examples of electrolytes include 
UCIO4, LiBF 4 , LiAsF 6 , CF 3 S0 3 Li, (CF 3 S0 3 ) 2 N • Li, 
LiPF 6 , Li I, UAICI4, NaCI0 4 , NaBF 4 , Nal,(n-Bu) 4 N + CI0 4 , 
(n-Bu) 4 N + BF 4 and KPF 6 . It is preferred that the concen- 
tration of the electrolyte in the organic electrolytic liquid 
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is from about 0.1 to about 2.5 mol/liter. Alternatively, in 
the present invention, a solid electrolyte can be used. 

Examples of organic solvents include ethers, 
ketones, lactones, nitriles, amines, amides, sulfur com- 
pounds, chlorinated hydrocarbons, esters, carbonates, s 
nitro compounds, phosphoric ester compounds and sul- 
folane compounds. Among the above-mentioned 
organic solvents, ethers, ketones, nitriles, chlorinated 
hydrocarbons, carbonates and sulfolane compounds 
are preferred, and cyclic carbonates are especially pre- 
ferred. Specific examples of organic solvents include 
tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, 
anisole, monoglyme, acetonitrile, propionitrile, 4- 
methyl-2-pentanone, butyronitrile, valeronitrile, benzoni- 
trile, 1 ,2-dichloroethane, y-butyrolactone, dimethox- 
yethane, methyl formate, propylenene carbonate, 
ethylene carbonate, vinylene carbonate, dimethylforma- 
mide, dimethylsulfoxide, dimethylthioformamide, sul- 
folane, 3-methylsulfolane, trimethyl phosphate, triethyl 
phosphate, and mixtures thereof. The organic solvents 
usable in the present invention are not limited to those 
which are mentioned above. 

Explanation is made above with respect to the non- 
aqueous battery (as shown in Figs. 1 to 8) according to 
one embodiment of the present invention, which has a 
spirally wound electrode assembly. Further, the same 
effects as in the above-mentioned non-aqueous battery 
having a spirally wound electrode assembly can be 
achieved by a non-aqueous battery having, in place of 
the above-mentioned spirally wound electrode assem- 
bly, a stacked laminate electrode assembly (as shown in 
Figs. 9 and 10) or a zigzag-folded laminate electrode 
assembly (as shown in Figs. 11 and 12), each having 
substantially the same structure as in the above-men- 
tioned spirally wound electrode assembly, wherein it 
has a cathode-equipotential, exposed metallic portion 
and an anode-equipotential, exposed metallic portion. 

That is, according to another embodiment of the 
present invention, there is provided a non-aqueous bat- 
tery comprising: (1') a casing, (2') a non-aqueous elec- 
trolyte contained in a space defined by an inner wall of 
the casing, and (3') a stacked laminate electrode 
assembly accommodated in the space, operatively with 
the non-aqueous electrolyte, 

the stacked laminate electrode assembly (3') 
comprising: 

a plurality of electrically connected cathodes, each 
comprising (a'-1) a cathode metallic foil capable of 
serving as a cathode current collector, and (a'-2) a 
cathode active material layer formed on at least one 
side of the cathode metallic foil (a'-1), 
a plurality of electrically connected anodes, each 
comprising an anode active material layer, and 
a plurality of separators, each disposed between 
each cathode and each anode, 

each cathode, each anode and each separator 
being stacked into a stacked laminate structure, 



wherein the cathode active material layer and the anode 
active material layer are arranged opposite to each 
other through the separator, 

the battery having a cathode-equipotential 
metallic segment provided in association with the cath- 
ode, wherein the cathode-equipotential metallic seg- 
ment has on at least one side thereof a portion free of a 
cathode active material layer to provide a cathode-equi- 
potential, exposed metallic portion (a) having a length 
of one layer or more of the stacked laminate structure, 

the cathode-equipotential, exposed metallic por- 
tion (a') being positioned opposite to an anode-equipo- 
tential, exposed metallic portion (p), which portion (p') 
is provided in association with the anode, over a length 
of one layer or more of the stacked laminate structure. 

Further, according to still another embodiment of 
the present invention, there is provided a non-aqueous 
battery comprising: (1") a casing, (2") a non-aqueous 
electrolyte contained in a space defined by an inner wall 
of the casing, and (3") a zigzag-folded laminate elec- 
trode assembly accommodated in the space, opera- 
tively with the non-aqueous electrolyte, 

the zigzag-folded laminate electrode assembly 
(3") comprising: 

a cathode comprising (a"-1) a cathode metallic foil 
capable of serving as a cathode current collector, 
and (a"-2) a cathode active material layer formed 
on at least one side of the cathode metallic foil (a"- 
1). 

an anode comprising an anode active material 
layer, and 

a separator disposed between the cathode and the 
anode, 

the cathode, the anode and the separator being 
folded together into a zigzag-folded laminate structure, 
wherein the cathode active material layer and the anode 
active material layer are arranged opposite ,to each 
other through the separator, 

the battery having a cathode-equipotential 
metallic segment provided in association with the cath- 
ode, wherein the cathode-equipotential metallic seg- 
ment has on at least one side thereof a portion free of a 
cathode active material layer to provide a cathode-equi- 
potential, exposed metallic portion (a") having a length 
of one layer or more of the zigzag-folded laminate struc- 
ture, 

the cathode-equipotential, exposed metallic por- 
tion (a") being positioned opposite to an anode-equipo- 
tential, exposed metallic portion (P"), which portion (P") 
is provided in association with the anode, over a length 
of one layer or more of the zigzag-folded laminate struc- 
ture. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinbelow, the present invention will be 
described in more detail with reference to following 
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embodiments, but they should not be construed as lim- 
iting the scope of the present invention. 

Fig. 1 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to one embodiment of 
the present invention (in Fig. 1 , the casing of the battery s 
is not shown). The non-aqueous battery shown in Fig. 1 
has a spirally wound electrode assembly comprising 
cathode 3 [which comprises cathode metallic foil 1 (alu- 
minum foil) and cathode active material layers 2, 2 
formed on both surfaces of cathode metallic foil 1], 10 
anode 6 [which comprises anode metallic foil 4 (copper 
foil) and anode active material layers 5, 5 (each com- 
prising a carbonaceous material) formed on both sur- 
faces of anode metallic foil 4], and separator 7 (a 
microporous polyethylene film or the like) disposed is 
between the above-mentioned cathode 3 and anode 6, 
wherein cathode 3, anode 6 and separator 7 are spirally 
wound together into a spirally wound structure, and 
wherein cathode active material layer 2 and anode 
active material layer 5 are arranged opposite to each 20 
other through separator 7. In Fig. 1, numeral 13 desig- 
nates a tubular core made of stainless steel or the like. 
The tubular core is adapted to function as follows. When 
an elevation of the internal pressure of the battery 
occurs, the core serves to be a gas-release path, which 25 
leads a gas generated inside the battery to a safety 
valve so that the gas can be released out of the battery. 
Further, when the casing sustains a compressive force, 
the tubular core serves to ensure that the spirally wound 
electrode assembly is compressed between the casing 30 
and the core. 

In the non-aqueous battery of this embodiment, 
cathode metallic foil 1 (aluminum foil) has, on both sides 
thereof, exposed metallic portions, which are free of 
cathode active material layers 2, 2, over a length of 35 
more than two winds from the innermost end of cathode 
metallic foil 1 . Also, likewise, anode metallic foil 4 (cop- 
per foil) has, on both sides thereof, exposed metallic 
portions, which are free of anode active material layers 
5, 5; over a length of more than one wind from the inner- 40 
most end of anode metallic foil 4. That is, the spirally 
wound electrode assembly in the embodiment of Fig. 1 
has a structure in which the following three regions are 
arranged in the following order from the innermost end 
of the assembly: 45 

a first region in which aluminum foil 1 and copper 
foil 4 are arranged opposite to each other through 
separator 7 over a length of more than one wind of 
the spirally wound structure; so 
a second region in which aluminum foil 1 and anode 
active material layer 5 are arranged opposite to 
each other through separator 7 over a length of one 
wind of the spirally wound structure; and 
a third region in which cathode active material layer 55 
2 and anode active material layer 5 are arranged 
opposite to each other through separator 7. 

When the non-aqueous battery of this embodiment 



20 

sustains a pressure in two opposite directions from the 
upper and lower sides as viewed in Fig. 2, so that the 
battery is compressed and deformed as shown in Fig. 2, 
the innermost end portion of separator 7, which neigh- 
bors core 13, sustains a largest stress in the battery. 
Therefore, in this case, breakage of the spirally wound 
electrode assembly starts from the innermost end por- 
tion of separator 7 and spreads successively toward the 
outermost of the electrode assembly. 

Specifically, as shown in Fig. 2, when the battery 
sustains a pressure in two opposite directions, first, a 
low resistance short-circuiting occurs at each of por- 
tions A and F between the exposed metal portion of alu- 
minum foil 1 and the exposed metal portion of copper 
foil 4. Further, even when the breakage of separators 7, 
7 occurs at a plurality of portions thereof (which are 
positioned on a line along which the pressure is applied 
to the battery) almost simultaneously, a short-circuiting 
safely occurs in the battery without generating much 
heat, for the following reasons. With respect to a short- 
circuiting occurring at each of portions A, B, F, G, H and 
I, wherein the short-circuiting occurs between metals 
having low resistance, the short-circuit resistance is 
considerably low, as compared to a short-circuit resist- 
ance at each of portions D, E, K and L, at which the 
short-circuiting occurs between cathode active material 
layer 2 having high resistance and anode active mate- 
rial layer 5. Therefore, when a short-circuiting occurs at 
any one of the above-mentioned low-resistance por- 
tions A, B, F, G, H and I, most of the short-circuit current 
flows through such a low-resistance portion, whereas 
the amount of the short-circuit current flowing through 
the above-mentioned high-resistance portions D, E, K 
and L is very small. At each of portions A, B, F, G, H and 
I, a low resistance short-circuiting occurs between cath- 
ode metallic foil 1 (aluminum foil) and anode metallic foil 
4 (copper foil), wherein cathode active material layer 2 
having high resistance is not present between the 
above-mentioned two metallic foils undergoing short- 
circuiting. As a result, the short-circuiting safely occurs 
in the battery with generation of only the Joule heat due 
to the short-circuiting, without suffering a large temper- 
ature elevation in the battery which is caused due to a 
thermal decomposition of the cathode active material or 
the like. 

When it is assumed that the breakage of separators 
7, 7 occurs almost simultaneously at various portions 
thereof including the innermost and outermost end por- 
tions, a portion of the cathode at which the cathode 
metallic foil (aluminum foil) is to be exposed is not nec- 
essarily limited to the innermost end portion of the cath- 
ode, and may be the outermost end portion of the 
cathode or a portion intermediate between the inner- 
most end and outermost end of the cathode. 

When the short-circuiting occurs between an 
exposed portion of aluminum foil 1 and anode active 
material layer 5, as indicated by characters C and J in 
Fig. 2, the short-circuit current does not flow through 
cathode active material layer 2, so that the short- 
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circuiting does not cause a large temperature elevation 
in the battery which is due to a thermal decomposition 
of the cathode active material or the like. In this case, 
the short-circuit resistance is low, as compared to a 
short-circuit resistance in the short-circuiting through 5 
cathode active material layer 2 having high resistance. 
However, the short-circuit resistance in the short- 
circuiting between the exposed portion of aluminum foil 
1 and anode active material layer 5 is not satisfactorily 
low, as compared to the short-circuit resistance in the 
short-circuiting between metals. Therefore, especially 
when a short-circuiting between cathode active material 
layer 2 and anode active material layer 5 occurs at 
another location almost simultaneously with the short- 
circuiting between the exposed portion of aluminum foil 
1 and anode active material layer 5, a temperature ele- 
vation of the battery cannot be satisfactorily prevented. 

In each of Figs. 1 and 2, numeral 10 designates an 
electrode tab which is provided on the exposed portion 
of aluminum foil 1 so as to connect cathode 3 to an out- 
side electrode through the electrode tab. The function of 
electrode tab 10 is as follows. Electrode tab 10 is pro- 
vided on the exposed portion of aluminum foil 1 so as to 
be positioned opposite to the exposed portion of copper 
foil 4 through separator 7, wherein cathode active mate- 
rial layer 2 is not present between the above-mentioned 
two exposed portions. When the battery is overcharged 
by a malfunctioning of a charging circuit or the like, a 
large amount of current is caused to flow through elec- 
trode tab 10, so that the temperature of portions just 
around electrode tab 10 becomes higher than that of 
other portions in the battery. As a result, a portion of 
separator 7 which is positioned between electrode tab 
10 and the exposed portion of copper foil 4 is caused to 
melt sooner than the other portions of separator 7 to 
thereby cause a low resistance short-circuiting between 
the exposed portion of cathode aluminum foil 1 (having 
electrode tab 10 provided thereon) and the exposed 
portion of anode copper foil 4, so that the short- 
circuiting safely occurs in the battery without suffering a 
large temperature elevation in the battery which is 
caused due to a thermal decomposition of the cathode 
active material or the like. In addition, in the battery 
shown in Figs. 1 and 2, since the cathode- equipotential, 
exposed metallic portion is positioned at the innermost 
end portion of aluminum foil 1 (cathode metallic foil) of 
the spirally wound structure and has electrode tab 10 
provided thereon, heat generated at electrode tab 10 by 
an overcharge of the battery is accumulated at the cen- 
tral portion of the spirally wound electrode assembly, so 
that a portion of separator 7 which corresponds to the 
exposed portion of cathode aluminum foil 1 having elec- 
trode tab 10 provided thereon is rapidly and surely 
melted, as compared to a battery in which the cathode- 
equipotential, exposed metallic portion is positioned at 
a portion other than the innermost end portion of cath- 
ode aluminum foil 1 of the spirally wound structure. 

Further, also in a battery in which an electrode tab 
(not shown) is provided on the exposed portion of cop- 



per foil 4 positioned opposite to the exposed portion of 
aluminum foil 1 through separator 7, wherein the elec- 
trode tab serves to connect anode 6 to an outside elec- 
trode, the same advantage as achieved by the above- 
mentioned provision of electrode tab 10 on the exposed 
portion of aluminum foil 1 can be obtained. That is, 
when the battery is overcharged by a malfunctioning of 
a charging circuit or the like, a large amount of current is 
caused to flow through the electrode tab, so that the 
temperature of portions just around the electrode tab 
becomes higher than that of the other portions in the 
battery. As a result, a portion of separator 7, which is 
positioned between the electrode tab and the exposed 
portion of aluminum foil 1 , is caused to melt sooner than 
the other portions of separator 7 to thereby cause a low 
resistance short-circuiting between the exposed portion 
of cathode aluminum foil 1 and the exposed portion of 
anode copper foil 4 (having the electrode tab provided 
thereon), so that the short-circuiting safely occurs in the 
battery without suffering a large temperature elevation 
in the battery which is caused due to a thermal decom- 
position of the cathode active material or the like. 

In the battery of this embodiment, it is requisite that 
the spirally wound electrode assembly have a structure 
wherein the exposed portion of cathode metallic foil 1 
(aluminum foil) and the exposed portion of anode metal- 
lic foil 4 (copper foil) are positioned opposite to each 
other through the separator over a length of one wind or 
more of the spirally wound structure from the innermost 
end thereof. By virtue of this structure, when the battery 
sustains a compressive force from the outside of the 
battery, the electrode assembly has, on a line along 
which the compressive force is applied, at least one por- 
tion which can surely undergo a low resistance short- 
circuiting between the exposed portion of cathode 
metallic foil 1 and the exposed portion of anode metallic 
foil 4, wherein the cathode active material is not present 
between the two exposed metallic portions of the cath- 
ode and anode. 

Further, by coating the exposed portion of the cath- 
ode aluminum foil with a conductive coating (not shown) 
of graphite or the like, it becomes possible to prevent 
oxidation of the surface of the cathode aluminum foil so 
as to maintain a high conductivity of the aluminum foil. 
As a conductive coating, an anchor layer itself can be 
utilized (the anchor layer means a coating of graphite or 
the like which is coated on the aluminum foil, prior to the 
coating of a cathode active material, in order to improve 
the adhesion between the aluminum foil and the cath- 
ode active material). 

Fig. 3 is a diagrammatic cross-sectional view of a 
non -aqueous battery according to another embodiment 
of the present invention. The non-aqueous battery 
shown in Fig. 3 comprises casing 8 serving as an out- 
side anode, and a spirally wound electrode assembly 
accommodated in casing 8, which comprises cathode 3 
[which comprises cathode metallic foil 1-| (aluminum foil) 
having cathode active material layer 2^ (comprising a 
lithium-containing composite oxide) formed on one side 
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thereof and aluminum foil 1 2 having cathode active 
material layer 2 2 formed on one side thereof, wherein 
cathode metallic foils 1-| and 1 2 are laminated so that 
the active material-free sides of the metallic foils face 
each other], anode 6 [which comprises anode metallic 
foil 4 (copper foil) having anode active material layers 5, 
5 (each comprising a carbonaceous material) formed 
on both sides thereof], and separator 7 (a microporous 
polyethylene film or the like) disposed between the 
above-mentioned cathode 3 and anode 6, wherein cath- 
ode 3, anode 6 and separator 7 are wound together into 
a spirally wound structure, and wherein each cathode 
active material layer and each anode active material 
layer are arranged opposite to each other through sep- 
arator 7. 

In the non-aqueous battery shown in Fig. 3, a por- 
tion of cathode 3, which extends over the length of 
about one wind of the spirally wound structure from the 
outermost end of the spirally wound structure, has only 
aluminum foil 1 2 (having cathode active material layer 
2 2 only on the inner side thereof), and does not have 
aluminum foil 1-| (having cathode active material layer 
2-| only on the outer side thereof). That is, over the 
length of one wind from the outermost end of the spirally 
wound electrode assembly, the exposed portion of alu- 
minum foil 1 2 and the inner wall of anode casing 8 are 
arranged opposite to each other through separator 7. 
Cathode 3 having such a structure can be obtained by a 
method in which, in arranging aluminum foils 1 ^ and 1 2 , 
one foil is staggered by the length of one wind from the 
other foil. 

When the non-aqueous battery of this embodiment 
suffers an accident as shown in Fig. 4 in which casing 8 
and the spirally wound electrode assembly are pene- 
trated with a conductive member, such as iron nail 19, a 
short-circuiting occurs in the battery as follows. The tip 
end of iron nail 19 penetrating casing 8 as an anode 
penetrates aluminum foil 1 2 of cathode 3, cathode 
active material layer 2 2 , anode active material layer 5, 
copper foil 4, and so on. (the separator is omitted 
herein) in this order, thereby causing the short-circuiting 
at portions A, B, C, D and E in this order. 

That is, as a result of the above-mentioned penetra- 
tion of iron nail 19, a short-circuiting finally occurs 
between the cathode active material layer and the 
anode. However, a first short-circuiting at portion A 
occurs between iron nail 19 penetrating casing 8 and 
aluminum foil 1 2 of cathode 3. With respect to the 
above-mentioned first short-circuiting occurring at por- 
tion A, wherein the short-circuiting occurs between 
metallic segments, the short-circuit resistance is satis- 
factorily low, as compared to the short-circuit resistance 
at each of portions B, C, D and E, wherein the short- 
circuiting occurs between iron nail 19 and the cathode 
active material. Therefore, most of the short-circuit cur- 
rent flows through portion A, wherein the short-circuiting 
occurs between casing 8 and aluminum foil 1 2 through 
iron nail 19. As a result, a safe internal short-circuiting 
occurs without suffering a large temperature elevation in 



the battery. 

Further, when the non-aqueous battery having the 
above-mentioned construction suffers an accident in 
which the battery is exposed to heat from an external 

s high-temperature heat source, a short-circuiting safely 
occurs in the battery as follows. In the above-mentioned 
battery, the outermost one-wind of separator layer in the 
electrode assembly is closer to casing 8 than the other 
portions of the separator. Therefore, when the battery is 

10 exposed to heat, the above-mentioned outermost one- 
wind of separator layer is caused to melt sooner than 
the other portions of separator 7, so that a low resist- 
ance short-circuiting occurs between aluminum foil 1 2 of 
cathode 3 and casing 8, whereas almost no current 

15 flows through the cathode active material. 

Figs. 5 to 8 respectively show diagrammatic cross- 
sectional views of non-aqueous batteries according to 
four different embodiments of the present invention, in 
which each of the non-aqueous batteries is so designed 

20 as to have both of the structural characteristics of the 
innermost end portion of the spirally wound electrode 
assembly used in the battery of Fig. 1 and the structural 
characteristics of the outermost end portion of the spi- 
rally wound electrode assembly used in the battery of 

25 Fig. 3. 

Hereinbelow, explanation is made on the structures 
of the innermost and outermost end portions of the spi- 
rally wound electrode assembly and effects thereof with 
respect the four different batteries. 

30 Fig. 5 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further embod- 
iment of the present invention. In the non-aqueous bat- 
tery of this embodiment, the innermost end portion of 
cathode metallic foil 1 (aluminum foil) of cathode 3 has 

35 a structure in which the following two regions are 
arranged in the following order from the innermost end 
of cathode aluminum foil 1 : a first region in which cath- 
ode aluminum foil 1 has, on both sides thereof, exposed 
metallic portions, which are free of cathode active mate- 

40 rial layers 2, 2, over a length of about two winds; and a 
second region in which cathode aluminum foil 1 has, on 
one side thereof, an exposed metallic portion, which is 
free of cathode active material layer 2, over a length of 
about one wind. In each of the first and second regions 

45 of the innermost end portion of cathode aluminum foil 1 , 
the exposed portion of aluminum foil 1 is arranged 
opposite to the exposed portion of copper foil 4, which is 
free of anode active material layers, through separator 
7. Therefore, when separator 7 suffers breakage at the 

so innermost end portion of the electrode assembly, a 
short-circuiting occurs between the exposed portion of 
cathode aluminum foil 1 and the exposed portion of 
anode copper foil 4. 

Further, in the non-aqueous battery of this embodi- 

55 ment, the outermost end portion of cathode metallic foil 
1 has a structure in which the following two regions are 
arranged in the following order from the outermost end 
of cathode aluminum foil 1 : a first region in which cath- 
ode aluminum foil 1 has, on both sides thereof, exposed 
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metallic portions, which are free of cathode active mate- 
rial layers 2, 2, over a length of about two winds; and a 
second region in which cathode aluminum foil 1 has, on 
one side thereof, an exposed metallic portion, which is 
free of cathode active material layer 2, over a length of 
about one wind. 

In the first and second regions of the outermost end 
portion of cathode aluminum foil 1 , three outermost alu- 
minum foil layers are formed as shown in Fig. 5, wherein 
no separator is present between the respective exposed 
sides of the aluminum foil layers. In the battery of this 
embodiment, an exposed portion of cathode aluminum 
foil 1 which is positioned at the outermost end portion of 
the spirally wound structure is arranged opposite to an 
inner wall of the metallic casing serving as an anode 
(i.e., an anode-equipotential, exposed metallic portion) 
through separator 15 made of an ion-insulating separa- 
tor material. 

By virtue of the structure of the above-mentioned 
first and second region of the outermost end portion of 
cathode aluminum foil, even when the non-aqueous 
battery of this embodiment suffers an accident in which 
casing 8 and the spirally wound electrode assembly are 
penetrated with a conductive member having a sharp tip 
end, such as an iron nail, most of the short-circuit cur- 
rent is caused to flow between casing 8 and aluminum 
foil 1 through the iron nail (a conductive member) as in 
the case of the batteries of Figs. 3 and 4. That is, even 
when the iron nail penetrates cathode active material 
layer 2 after occurrence of the short-circuiting between 
the iron nail and aluminum foil 1 , to thereby cause the 
short-circuiting between the iron nail and cathode active 
material layer 2, the amount of the short-circuit current 
which flows through cathode active material layer 2 is 
satisfactorily low. As a result, a safe internal short- 
circuiting occurs in the battery without suffering a large 
temperature elevation in the battery which is caused 
due to a thermal decomposition of the cathode active 
material or the like. 

Further, in the non-aqueous battery of this embodi- 
ment, as mentioned above, the separator made of an 
ion-insulating material is disposed between aluminum 
foil 1 and casing 8. The reason why the separator made 
of an ion-insulating material can be used resides in that 
no electrochemical reactions occur between aluminum 
foil 1 and casing 8, so that a separator to be disposed 
between aluminum foil 1 and the inner wall of casing 8 
need not have an ionic conductivity. Therefore, as a 
separator disposed between aluminum foil 1 and the 
inner wall of casing 8, use can be made of a tough insu- 
lating film having no ion-transmitting property. The use 
of such a tough insulating film as a separator is advan- 
tageous in the following points. During the production of 
a battery in which a tough insulating film separator is 
disposed between the inner wall of a casing and the 
electrode assembly, the process of insertion of the elec- 
trode assembly into the casing can be readily performed 
without a danger of impairing the separator by abrasion 
or the like. As a result, it becomes possible to suppress 



a danger of the occurrence of a defective battery which 
is likely to suffer a short-circuiting between the casing 
and the electrode assembly at an initial stage in practi- 
cal use of the battery due to the impaired separator dis- 

5 posed between the inner wall of the casing and the 
electrode assembly. 

Fig. 6 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further embod- 
iment of the present invention. In the non-aqueous bat- 

10 tery of this embodiment, the innermost end portion of 
cathode metallic foil 1 (aluminum foil) of cathode 3 has 
a structure in which the following two regions are 
arranged in the following order from the innermost end 
of cathode aluminum foil 1 : a first region in which cath- 

15 ode aluminum foil 1 has, on both sides thereof, exposed 
metallic portions, which are free of cathode active mate- 
rial layers 2, 2, over a length of about two winds; and a 
second region in which cathode aluminum foil 1 has 
cathode active material layers on both sides thereof. In 

20 the first region of cathode aluminum foil 1, the exposed 
portion of aluminum foil 1 is arranged opposite to the 
exposed portion of copper foil 4, which is free of anode 
active material layers 2, 2, through separator 7. There- 
fore, when separator 7 suffers breakage at the center 

25 portion of the electrode assembly, a short-circuiting 
occurs between the exposed portion of cathode alumi- 
num foil 1 and the exposed portion of anode copper foil 
4. 

Further, in the non-aqueous battery of this embodi- 

30 ment, the spirally wound electrode assembly of the bat- 
tery has in a center portion thereof elastic core 14, 
which has a main slit extending along the longitudinal 
direction of the core so that the core has a C-shaped 
cross-section (core 14 shown in Fig. 6 is further pro- 

35 vided with auxiliary slits as described below), instead of 
tubular core 13 used in the embodiment of Fig. 5. The 
battery of this embodiment is designed to achieve the 
following effect. When the casing of the battery sustains 
a compressive force, the edges of the main slit of the 

40 core do work to pierce the innermost portion of the spi- 
rally wound electrode assembly and rapidly and surely 
break a portion of the separator which is positioned in 
the innermost portion of the electrode assembly, so that 
a low resistance short-circuiting rapidly and surely 

45 occurs between the exposed portion of cathode alumi- 
num foil 1 and the exposed portion of anode copper foil 
4. 

With respect to the above-mentioned core 14 hav- 
ing a main slit, it is preferred that core 14 further has, at 

so several portions thereof, auxiliary slits having a short 
length, as long as the provision of the auxiliary slits is 
controlled so that the toughness of the core is not disad- 
vantageous^ lowered. In this case, by virtue of the 
increased number of the edges of slits, the above-men- 

55 tioned effect (rapid and sure breakage of a portion of the 
separator which is positioned in the center portion of the 
electrode assembly) of core 14 can be enhanced, and 
this effect can be stably achieved, irrespective of the 
direction of the pressure sustained by the casing of the 
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battery. 

Further, substantially the same effect as mentioned 
above can be achieved by the use of a spiral structure 
(such as a screw and a spring) (not shown in Fig. 6) 
having protrusions of various shapes on the outer s 
periphery thereof, instead of a core having slits. 

In the non-aqueous battery of the embodiment of 
Fig. 6, the outermost end portion of aluminum foil 1 
(cathode metallic foil 1 of cathode 3) has a structure in 
which aluminum foil 1 has, on one (outer) side thereof, 
an exposed metallic portion over a length of about one 
wind of the spirally wound structure from the outermost 
end of aluminum foil 1 . Copper foil 4 of the anode has, 
on both sides thereof, exposed metallic portions over a 
length of about one wind of the spirally wound structure 
from the outermost end of copper foil 4. In this battery, 
the above-mentioned exposed portion of the outer side 
of aluminum foil 1 is arranged opposite to the exposed 
portion of the inner side of anode copper foil 4 (which 
has, on both sides thereof, exposed metallic portions 
over a length of about one wind from the outermost end 
of anode copper foil 4) through separator 7. When a 
portion of separator 7 which is positioned between the 
exposed portion of aluminum foil 1 and the exposed por- 
tion of copper foil 4 suffers breakage, a low resistance 
short-circuiting safely occurs between aluminum foil 1 
and copper foil 4, wherein the effect of this short- 
circuiting is the same as in the case of the non-aqueous 
battery of the embodiment of Fig. 3. 

As mentioned above, in the above-mentioned non- 
aqueous battery of the embodiment of Fig. 3, the outer- 
most end portion of the spirally wound electrode assem- 
bly has a construction in which, over a length of about 
one wind of the spirally wound structure from the outer- 
most end thereof, the exposed portion of aluminum foil 
1 is arranged opposite to the inner wall of anode casing 
8 through separator 7. However, the structure of the out- 
ermost end portion the electrode assembly of the non- 
aqueous battery of the present invention is not particu- 
larly limited to such a structure as shown in Fig. 3, and 
the above-mentioned effect (i.e., the achievement of a 
safe internal short-circuiting at the penetration of the 
battery casing with a conductive member, such as an 
iron nail) can also be achieved by a battery having a 
structure of the outermost end portion of the electrode 
assembly other than that in the battery of Fig. 3. Exam- 
ples of other structures of the outermost end portion of 
the electrode assembly include not only the structure of 
Fig. 6, but also a structure in which an anode having an 
anode active material layer is present between the 
exposed portion of cathode aluminum foil 1 and the 
inner wall of anode casing 8 (in the latter, however, the 
effect achieved is slightly inferior). 

Further, for example, when a battery, such as a bat- 
tery of the embodiment of Fig. 6 [in which the outermost 
end portion of the spirally wound electrode assembly 
has a structure in which anode copper foil 4 (having no 
anode active material layer thereon) is present between 
the exposed portion of cathode aluminum foil 1 and the 



inner wall of casing 8], suffers an accident in which the 
battery casing is penetrated with a conductive member, 
a short-circuiting occurs between the exposed portion 
of aluminum foil 1 and the exposed side of anode cop- 
per foil 4, but not between the exposed portion of alumi- 
num foil 1 and the inner wall of casing 8. Therefore, for 
achieving a low resistance short-circuiting at the above- 
mentioned accident, the casing of the above-mentioned 
battery need not be equipotential to the anode, and the 
casing may be made of a non-metal material, such a 
resin. 

Further, in the battery of this embodiment, the out- 
ermost layer of the spirally wound electrode assembly is 
a layer of anode copper foil 4. Therefore, when a cath- 
ode casing which is equipotential to the cathode is used 
in the non-aqueous battery of this embodiment instead 
of the anode casing, the obtained battery has a con- 
struction in which the (outer) exposed side of the above- 
mentioned anode copper foil 4 is arranged opposite to 
the inner wall of the cathode casing through separator 
7. Therefore, when such a battery suffers an accident in 
which the battery casing is penetrated with a conductive 
member, a short-circuiting safely occurs in the battery 
as in the case of the battery of the embodiment of Fig. 6 
which has an anode casing. 

Fig. 7 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further embod- 
iment of the present invention. In the non-aqueous bat- 
tery of this embodiment, to the innermost end portion of 
aluminum foil 1 (having a thickness of 15 \im) is 
mechanically connected aluminum foil 9 (which has no 
active material layer, and has a thickness of 100 juim and 
substantially the same width as that of aluminum foil 1), 
wherein aluminum foil 9 (extending from the innermost 
end of aluminum foil 1) is spirally wound over a length of 
about two winds, and has electrical connection with alu- 
minum foil 1 . Further, in the non-aqueous battery of this 
embodiment, to the innermost end of copper foil 4 (hav- 
ing a thickness of 18 jim) is mechanically connected 
copper foil 1 1 (which has no active material layer, and 
has a thickness of 100 jxm and substantially the same 
width as that of copper foil 4), wherein copper foil 4 
(extending from the innermost end of copper foil 1 1) is 
spirally wound over a length of about one wind, and has 
electrical connection with copper foil 4. In this battery, 
the innermost end portion of the spirally wound elec- 
trode assembly has a structure in which both sides of 
copper foil 1 1 are exposed and each exposed side is 
arranged opposite to an exposed side of aluminum foil 9 
over a length of one wind from the innermost end of 
copper foil 1 1 , and the exposed portion of copper foil 4 
is arranged opposite to the exposed side of aluminum 
foil 9 over a length of one wind from the innermost end 
of copper foil 4. 

Further, in the non-aqueous battery of this embodi- 
ment, stainless steel core 14 having slits is used, as in 
the non-aqueous battery of Fig. 6. Therefore, when the 
battery of the embodiment of Fig. 7 suffers an accident 
in which the battery casing sustains a compressive 
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force, the edges of the slits of the core do work to pierce 
100 |mm-thick aluminum foil 9 and 100 jmm-thick copper 
foil 1 1 , thereby causing a short-circuiting therebetween. 
In this case, by virtue of the large thickness of each of 
aluminum foil 9 and copper foil 11, the short-circuit 5 
resistance is satisfactorily low, as compared to the 
short-circuit resistance at a short-circuiting between 15 
jjim-thick aluminum foil 1 and 18 jiim-thick copper foil 4. 

Further, in the non-aqueous battery of this embodi- 
ment, a separator which is made of an ion-insulating 10 
separator material and has a thickness smaller than that 
of separator 7 is disposed so that metallic extension 9 
extending from cathode metallic foil 1 and each of 
anode metallic foil 4 and metallic extension 1 1 extend- 
ing from anode metallic foil 4 are positioned opposite to 15 
each other through separator 7. Generally, a separator 
needs to have an ion-transmitting property so as to 
function as a battery, as well as an electron-insulating 
property. In addition, a separator has a large number of 
pores therein for retaining an electrolytic liquid therein, 20 
so that in order to maintain satisfactory mechanical 
strength, the thickness of the separator cannot be 
greatly reduced. In this connection, however, it should 
be noted that with respect to a separator to be disposed 
between opposing exposed portions of the cathode 25 
metallic foil and the anode metallic foil in the non-aque- 
ous battery of the present invention, the separator need 
not have such an ion-transmitting property as required 
for functioning as a battery separator, as long as the 
separator has an electron insulating property, so that 30 
the separator need not have pores and hence a separa- 
tor having a small thickness can be freely used. There- 
fore, the space inside the casing of the battery can be 
effectively utilized, and it becomes possible to design a 
battery having an increased capacity without sacrificing 35 
the high safety of the battery. 

As mentioned above, in the outermost end portion 
of the spirally wound electrode assembly of the non- 
aqueous battery of the embodiment shown in Fig. 7, 
aluminum foil 9, which is in a sheet form and has, on 40 
both sides thereof, exposed metallic portions free of 
cathode active material layers and which has a width 
substantially the same as that of aluminum foil 1 and a 
thickness of 100 jum, is electrically and mechanically 
connected to the outermost end of aluminum foil 1 hav- 45 
ing a thickness of 15 jum, wherein aluminum foil 9 is spi- 
rally wound over a length of about one wind of the 
spirally wound structure from the connected portion. 
The outermost end portion of anode copper foil 4 has, 
on one side thereof, an exposed metallic portion extend- so 
ing over a length of about one wind to the outermost end 
of copper foil 4. Aluminum foil 9 and the above-men- 
tioned outermost exposed portion of anode copper foil 4 
are positioned opposite to each other over a length of 
about one wind of the spirally wound structure, to 55 
thereby provide a portion in which the exposed metallic 
portions of the cathode and anode are arranged oppo- 
site to each other. In this case, when the casing can 
serve as an anode, the effects of the present invention 



can be enhanced. However, the casing of the battery is 
not particularly limited to a casing which can serve as 
an anode, and may be a casing which can serve as a 
cathode as in the non-aqueous battery of the embodi- 
ment shown in Fig. 6, or a non-metallic container made 
of a resin or the like, or a bag-like casing which is com- 
posed of a film. 

In the non-aqueous battery of the embodiment as 
shown in Fig. 7, the outermost of the spirally wound 
electrode assembly is comprised of an exposed portion 
of an aluminum foil. The outermost of the spirally wound 
electrode assembly is covered with separator 16 which 
has a melting temperature lower than that of separator 

7, and the entire structure is disposed in anode casing 

8. When such a non-aqueous battery suffers an acci- 
dent in which the battery is exposed to heat from an 
external high-temperature heat source, separator 16, 
which is positioned between the casing inner wall and 
the spirally wound electrode assembly and has a melt- 
ing temperature lower than that of separator 7, is 
caused to melt sooner than separator 7 which is posi- 
tioned between cathode active material layer 2 and 
anode active material layer 5, so that a low resistance 
short-circuiting first occurs between cathode aluminum 
foil 9 and anode casing 8. Therefore, a short-circuit cur- 
rent does not flow through the cathode active material, 
which has high resistance, so that the battery does not 
suffer a large temperature elevation, thereby ensuring 
the safety of the battery. As already mentioned above, 
such an excellent effect can also be achieved by the 
non-aqueous battery of the embodiment shown in Fig. 3 
in which the outermost one-wind of separator 7 consti- 
tutes the outermost of the spirally wound electrode 
assembly. However, by using separator 16 (having a 
melting temperature lower than that of separator 7) for 
covering the electrode assembly as in the non-aqueous 
battery of the embodiment shown in Fig. 7, it becomes 
possible to more effectively achieve the above-men- 
tioned excellent effect. 

Fig. 8 is a diagrammatic cross-sectional view of a 
non-aqueous battery according to still a further embod- 
iment of the present invention. In the non-aqueous bat- 
tery of this embodiment, the innermost end portion of 
cathode metallic foil 1 (aluminum foil) of cathode 3 has 
a structure in which the following two regions are 
arranged in the following order from the innermost end 
of cathode aluminum foil 1 : a first region in which cath- 
ode aluminum foil 1 has, on both sides thereof, exposed 
metallic portions over a length of about two winds; and 
a second region in which cathode metallic foil 1 has, on 
one side thereof, an exposed metallic portion over a 
length of about one wind. In each of the first and second 
regions of the innermost end portion of cathode alumi- 
num foil 1, the exposed portion of aluminum foil 1 is 
arranged opposite to anode metallic lithium foil 6 
through separator 7. In this embodiment, the anode is a 
metallic lithium foil having a satisfactorily low electric 
resistance, so that it need not be additionally provided 
with a metallic foil current collector, such as a copper 
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foil. When separator 7 is broken, a low resistance short- 
circuiting easily occurs between two metallic segments, 
i.e., anode metallic lithium foil 6 and cathode aluminum 
foil 1 , so that the safety of the battery can be ensured. 

Further, in the electrode assembly of the non-aque- 
ous battery of this embodiment shown in Fig. 8, the out- 
ermost end portion of cathode aluminum foil 1 of 
cathode 3 has a structure in which cathode aluminum 
foil 1 has, on one (outer) side thereof, an exposed 
metallic portion extending over a length of about one 
wind to the outermost end thereof. This exposed portion 
of the outermost end portion of cathode aluminum foil 1 
is arranged opposite to the metallic casing, which is 
equipotential to the anode, through separator 15 which 
is made of an ion-insulating material. 

In this battery, the mechanism for ensuring a safe, 
low resistance short-circuiting at an accident is almost 
the same as in the embodiment shown in Fig. 3. How- 
ever, the safety mechanism of the battery of Fig. 8 is dif- 
ferent from that of the battery of Fig. 3 in that the former 
has separator 15 made of an ion-insulating material. 
This point is explained below. The spirally wound elec- 
trode assembly of the battery of Fig. 8 has an outermost 
end portion which is comprised of cathode 3 comprising 
aluminum foil 1 having cathode active material layer 2 
formed on one (inner) side thereof and having an 
exposed metallic portion on the other (outer) surface 
thereof. Therefore, if, in this embodiment of Fig. 8, a 
separator made of an ion-transmitting separator mate- 
rial is disposed between the anode-equipotential casing 
and the outermost end portion (exposed cathode alumi- 
num foil) of the spirally wound electrode assembly, 
some troubles would occur. That is, for example, when 
such a battery is over-discharged and left to stand, it is 
possible that ions dissolving out from the anode-equipo- 
tential casing are moved through the ion-transmitting 
separator, and then deposited on the surfaces of the 
cathode, and it is also possible that, due to the dissolv- 
ing-out of ions from the casing, through-holes are 
formed in the casing, thus causing a leakage of an elec- 
trolyte from the battery. 

Further, a non-aqueous secondary battery having 
such a structure (in which separator 15 in the battery of 
Fig. 8 is changed to one having an ion-transmitting 
property) has also a problem in that when it is subjected 
to charging, lithium ions, although in a small amount, 
move from the cathode active material present at the 
outermost end @ of the cathode to the casing, and are 
deposited on the casing as a part of the anode. By con- 
trast, the occurrence of these problems can be pre- 
vented by taking a measure such that, as indicated in 
Fig. 8, ion-insulating separator 15 is disposed between 
the casing and the outermost end portion (exposed 
cathode aluminum foil) of the spirally wound electrode 
assembly, thereby achieving an ion insulation therebe- 
tween. 

Each of the embodiments described above is a 
cylindrical non-aqueous battery having a spirally wound 
electrode assembly comprising a cathode, an anode 



and a separator which are spirally wound together into a 
spirally wound structure so that the cathode and the 
anode are arranged opposite to each other through the 
separator. However, the construction of each of the 
5 above-described embodiments of the battery of the 
present invention can also be applied to non-aqueous 
batteries each having a rectangular, small-thickness 
shape, which are widely used in handy transportable 
terminal units. 

10 An electrode assembly suitable for being accom- 
modated in a rectangular, small-thickness casing can 
be obtained by, for example, a method in which a spi- 
rally wound electrode assembly having the same struc- 
ture as in any one of the above embodiments is press- 

15 molded so as to have a flat form and an elliptical cross 
section, or a method in which the spirally winding oper- 
ation is performed in a manner such that the obtained 
spirally wound electrode assembly has a rectangular, 
small-thickness shape. 

20 Further, the electrode assembly used in the present 
invention is not limited to a spirally wound electrode 
assembly. For example, the electrode assembly used in 
the present invention may be either of a simply stacked 
laminate electrode assembly shown in Figs. 9 and 10 

25 and a zigzag-folded laminate electrode assembly 
shown in Figs. 11 and 12, each of these electrode 
assemblies exhibits the same effect as the spirally 
wound electrode assembly. 

With respect to the spirally wound electrode assem- 

30 bly, for enhancing safety at an accident in which the bat- 
tery is exposed to heat from an external high- 
temperature heat source or is penetrated with an iron 
nail, it is preferred that the cathode metallic foil (e.g., 
aluminum foil) has, on the outer side thereof, an 

35 exposed metallic portion extending over a length of one 
wind or more from the outermost end thereof, wherein 
the exposed metallic portion is arranged opposite to the 
casing. However, with respect to a simply stacked lami- 
nate electrode assembly such as shown in Figs. 9 and 

40 10 and a zigzag-folded laminate electrode assembly 
such as shown in Figs. 1 1 and 12, the safety of the bat- 
tery at the above-mentioned accident can be enhanced 
without disposing an exposed cathode aluminum foil on 
the entire periphery of the electrode assembly so as to 

45 face the inner wall of the casing. That is, with respect to 
a battery having a stacked laminate electrode assembly 
or a zigzag-folded laminate electrode assembly the 
safety of the battery at accidents can be satisfactorily 
enhanced as long as a metallic exposed portion of the 

so cathode and a metallic exposed portion of the anode 
are respectively present on two opposed surfaces in the 
electrode assembly. 

Fig. 9 is a diagrammatic cross-sectional view of one 
form of the non-aqueous battery of the present inven- 

55 tion having a stacked laminate electrode assembly. In 
the central portion of the electrode assembly of the non- 
aqueous battery of the embodiment shown in Fig. 9, a 
cathode layer which has, on one side thereof, an 
exposed portion of aluminum foil 1 and an anode layer 



17 



33 



EP 0 780 920 A1 



34 



which has, on one side thereof, an exposed portion of 
copper foil 4 are arranged so that the exposed metallic 
potions of the cathode and anode are positioned oppo- 
site to each other through separators 7, 7, between 
which separators 7, 7 there are disposed electrically 
conductive, rigid or elastic member 18. 

Fig. 10 is a diagrammatic cross-sectional view of 
another form of the non-aqueous battery of the present 
invention having a stacked laminate electrode assem- 
bly. In the electrode assembly of the non-aqueous bat- 
tery of the embodiment of Fig. 10, each of the two 
outermost cathode aluminum foils 1, 1 has, on one 
(outer) side thereof, an exposed metallic portion, so that 
the exposed portion of each outermost cathode alumi- 
num and anode casing 8 are positioned opposite to 
each other. 

Fig. 11 is a diagrammatic cross-sectional view of 
one form of the non-aqueous battery of the present 
invention having a zigzag-folded laminate electrode 
assembly. In the non-aqueous battery of the embodi- 
ment shown in Fig. 1 1 , each of the two outermost-layer 
portions of the zigzag-folded laminate electrode assem- 
bly has a structure in which metallic extension 11 
extending from anode copper foil 4, and cathode alumi- 
num foil 1 which has, on one side thereof, an exposed 
metallic portion are arranged so that metallic extension 
1 1 and the exposed portion of cathode aluminum foil 1 
are positioned opposite to each other through separator 
7 (or alternatively, separator 17 having a smaller thick- 
ness than that of separator 7) and an electrically con- 
ductive, rigid or elastic member 18, wherein the 
electrically conductive, rigid or elastic member 18 is 
adapted to be able to apply a local pressure on separa- 
tor 7 so that when the battery sustains a pressure from 
the upper and lower sides as viewed in Fig. 11, a low 
resistance short-circuiting easily occurs between metal- 
lic extension 1 1 and the exposed portion of cathode alu- 
minum foil 1. 

Fig. 12 is a diagrammatic cross-sectional view of 
another form of the non-aqueous battery of the present 
invention having a zigzag-folded laminate electrode 
assembly. In the non-aqueous battery of the embodi- 
ment shown in Fig. 12, each of the two outermost-layer 
portions of the zigzag-folded laminate electrode assem- 
bly has a structure in which cathode aluminum foil 1 , 
which has, on both sides thereof, exposed metallic por- 
tions, is folded, and the folded cathode aluminum foil 1 , 
and anode copper foil 4 which has, on one side thereof, 
an exposed metallic portion are arranged so that the 
folded cathode aluminum foil 1 and the exposed portion 
of anode copper foil 4 are positioned opposite to each 
other through separator 7. Further, by accommodating 
the above-mentioned zigzag-folded laminate electrode 
assembly in a casing as an anode, a low resistance 
short-circuiting more surely occurs. 

As an electrically conductive member designated 
by numeral 1 8 in Figs. 9 and 1 1 , for example, use can 
be made of a stainless steel plate having a thickness of 
from 100 to 150 jtim and is zigzag-folded so as to have 



a width of from 500 to 2000 jmm, or a stainless steel 
plate which has a thickness of from 500 to 2000 jam and 
has a stripe-like concavo-convex surface structure hav- 
ing a depth of from 100 to 1000 jlwti. When electrically 

5 conductive member 1 8 is employed as in the non-aque- 
ous batteries of Figs. 9 and 1 1 , an advantage can be 
achieved in that, when the battery sustains an external 
compressive force in two opposite directions from the 
upper and lower sides as viewed in Figs. 9 and 1 1 , the 

10 projected portions of conductive member 18 exert a 
local compressive pressure to separator 7 and serve to 
break separator 7, so that a low resistance short- 
circuiting more easily occurs between an exposed por- 
tion of the cathode metallic foil and an exposed portion 

15 of the anode metallic foil, thereby enhancing the safety 
of the battery. 

By using a non-aqueous battery which has the 
stacked laminate electrode assembly or the zigzag- 
folded laminate electrode assembly and employs a sep- 

20 arator (such as a separator made of an ion-insulating 
separator material, or a separator made of a material 
having a relatively low melting temperature, each having 
a thickness smaller than that of a separator disposed 
between a cathode active material layer and an anode 

25 active material layer) which is disposed between the 
casing and the stacked laminate electrode assembly or 
zigzag-folded laminate electrode assembly, the same 
effects as those of the non-aqueous battery having a 
spirally wound electrode assembly can be achieved. 

30 

INDUSTRIAL APPLICABILITY 

By virtue of the unique structure of the electrode 
assembly, the non-aqueous battery of the present 

35 invention is advantageous in that even when the battery 
suffers accidents, such as an accident in which the bat- 
tery casing is crushed by an external pressure, an acci- 
dent in which the battery is overcharged by a 
malfunctioning of a charging circuit or the like, an acci- 

40 dent in which the battery is penetrated with a metallic 
nail or the like, and an accident in which the battery is 
exposed to heat from an external high-temperature heat 
source, a low resistance short-circuiting easily occurs 
between metallic segments, to thereby prevent the 

45 occurrence of a rapid temperature elevation in the bat- 
tery, so that the battery can exhibit high safety. 

Claims 

so 1. A non-aqueous battery comprising: (1) a casing, (2) 
a non-aqueous electrolyte contained in a space 
defined by an inner wall of said casing, and (3) a 
spirally wound electrode assembly accommodated 
in said space, operatively with said non-aqueous 

55 electrolyte, 

said spirally wound electrode assembly (3) 
comprising: 

a cathode comprising (a-1) a cathode metallic 
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foil capable of serving as a cathode current col- 
lector, and (a-2) a cathode active material layer 
formed on at least one side of said cathode 
metallic foil (a-1) P 

an anode comprising an anode active material 5 
layer, and 

a separator disposed between said cathode 
and said anode, 

said cathode, said anode and said separator 10 
being spirally wound together into a spirally wound 
structure, wherein said cathode active material 
layer and said anode active material layer are 
arranged opposite to each other through said sepa- 
rator, 15 

said battery having a cathode-equipotential 
metallic segment provided in association with said 
cathode, wherein said cathode-equipotential metal- 
lic segment has on at least one side thereof a por- 
tion free of a cathode active material layer to 20 
provide a cathode-equipotential, exposed metallic 
portion (a) longitudinally extending over a length of 
one wind or more of the spirally wound structure, 

said cathode-equipotential, exposed metallic 
portion (a) being positioned opposite to an anode- 25 
equipotential, exposed metallic portion (p), which 
portion (p) is provided, in association with said 
anode, over a length of one wind or more of the spi- 
rally wound structure. 

30 

2. The battery according to claim 1 , wherein said cath- 
ode-equipotential metallic segment has on both 
sides thereof a portion free of a cathode active 
material layer. 

35 

3. The battery according to claim 1 or 2, wherein said 
anode comprises (b-1) an anode metallic foil capa- 
ble of serving as an anode current collector, and (b- 
2) an anode active material layer formed on at least 
one side of said anode metallic foil (b-1), or com- 40 
prising (b-3) an anode active material metallic foil 
capable of serving as an anode active material 
layer and as an anode current collector and option- 
ally (b-4) an anode current collector metallic foil 
attached, on at least one side thereof, to said anode 45 
active material metallic foil (b-3) with electrical con- 
nection with said anode current collector metallic 
foil, and wherein said anode-equipotential, exposed 
metallic portion (p) is at least one member selected 
from the group consisting of: so 

(c) an exposed metallic portion of at least one 
side of said anode metallic foil (b-1), wherein 
said exposed metallic portion is free of said 
anode active material layer (b-2), 55 

(d) an exposed metallic portion of at least one 
side of said anode active material metallic foil 
(b-3), 

(e) an exposed metallic portion of at least one 



side of said anode current collector metallic foil 
(b-4), wherein said exposed metallic portion is 
free of said anode active material metallic foil 
(b-3) as the anode active material layer, and 

(f) a metallic extension having electrical con- 
nection with and extending from at least one 
end selected from innermost and outermost 
ends of said anode metallic foil (b-1), said 
anode active material metallic foil (b-3) or said 
anode current collector metallic foil (b-4). 

4. The battery according to any one of claims 1 to 3, 
wherein said anode comprises (b-1) an anode 
metallic foil capable of serving as an anode current 
collector, and (b-2) an anode active material layer 
formed on at least one side of said anode metallic 
foil (b-1), and said anode-equipotential, exposed 
metallic portion (p) is (c) an exposed metallic por- 
tion of at least one side of said anode metallic foil 
(b-1), wherein said exposed metallic portion is free 
of said anode active material layer (b-2). 

5. The battery according to any one of claims 1 to 4, 
wherein said cathode-equipotential, exposed 
metallic portion (a) is at least one member selected 
from the group consisting of: 

(g) an exposed metallic portion of at least one 
side of said cathode metallic foil (a-1) at an out- 
ermost end portion thereof, wherein said 
exposed metallic portion is free of said cathode 
active material layer (a-2), and 

(h) a metallic extension having electric connec- 
tion with and extending from an outermost end 
of said cathode metallic foil (a-1). 

6. The battery according to any one of claims 1 to 4, 
wherein said cathode-equipotential, exposed 
metallic portion (a) is at least one member selected 
from the group consisting of: 

(g') an exposed metallic portion of at least one 
side said of cathode metallic foil (a-1) at an 
innermost end portion thereof, wherein said 
exposed metallic portion is free of said cathode 
active material layer (a-2), and 
(h') a metallic extension having electric connec- 
tion with and extending from an innermost end 
of said cathode metallic foil (a-1). 

7. The battery according to any one of claims 1 to 6, 
wherein said cathode-equipotential, exposed 
metallic portion (a) has an electrode tab for cath- 
ode-equipotentially connecting said cathode to an 
outside electrode disposed externally of said spi- 
rally wound electrode assembly. 

8. The battery according to any one of claims 1 to 6, 
wherein said anode-equipotential, exposed metallic 
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portion (p) has an electrode tab for anode-equipo- 
tentially connecting said anode to an outside elec- 
trode disposed externally of said spirally wound 
electrode assembly. 

5 

9. The battery according to any one of claims 1 to 8, 
wherein said separator is composed of a first sepa- 
rator segment (S-|) positioned in at least one first 
region in which said cathode active material layer of 
the cathode is opposite to said anode active mate- 10 
rial layer of the anode, and a second separator seg- 
ment (S 2 ) positioned in at least one second region 
in which said cathode- equipotential, exposed 
metallic portion (a) is positioned opposite to said 
anode-equipotential, exposed metallic portion (p) is 
and wherein said first separator segment (Si) is 
made of an ion-transmitting separator material and 
said second separator segment (S 2 ) is made of a 
separator material selected from the group consist- 
ing of an ion-insulating separator material and an 20 
ion-transmitting separator material. 



between each cathode and each anode, 

each cathode, each anode and each separa- 
tor being stacked into a stacked laminate structure, 
wherein said cathode active material layer and said 
anode active material layer are arranged opposite 
to each other through said separator, 

said battery having a cathode-equipotential 
metallic segment provided in association with said 
cathode, wherein said cathode-equipotential metal- 
lic segment has on at least one side thereof a por- 
tion free of a cathode active material layer to 
provide a cathode-equipotential, exposed metallic 
portion (a') having a length of one layer or more of 
the stacked laminate structure, 

said cathode-equipotential, exposed metallic 
portion (a') being positioned opposite to an anode- 
equipotential, exposed metallic portion (p'), which 
portion (p') is provided, in association with said 
anode, over a length of one layer or more of the 
stacked laminate structure. 



10. The battery according to claim 9, wherein said sec- 
ond separator segment is made of an ion-insulating 
separator material. 

1 1 . The battery according to claim 9 or 1 0, wherein said 
second separator segment has a melting tempera- 
ture which is 100 °C or more and is at least 5 °C 
lower than the melting temperature of said first sep- 
arator segment. 

12. The battery according to any one of claims 1 to 1 1 , 
wherein said spirally wound electrode assembly 
has in a spiral winding center portion thereof a rigid 
or elastic core inserted therein, so that when said 
casing sustains a compressive force, said electrode 
assembly is adapted to be compressed between 
said casing and said core. 

13. A non-aqueous battery comprising: (V) a casing, 
(2') a non-aqueous electrolyte contained in a space 
defined by an inner wall of said casing, and (3') a 
stacked laminate electrode assembly accommo- 
dated in said space, operatively with said non- 
aqueous electrolyte, 

said stacked laminate electrode assembly 
(3') comprising: 

a plurality of electrically connected cathodes, 
each comprising (a'-l) a cathode metallic foil 
capable of serving as a cathode current collec- 
tor, and (a'-2) a cathode active material layer 
formed on at least one side of said cathode 
metallic foil (a'-1), 

a plurality of electrically connected anodes, 
each comprising an anode active material 
layer, and 

a plurality of separators, each disposed 



14. A non-aqueous battery comprising: (1") a casing, 
(2") a non-aqueous electrolyte contained in a space 
25 defined by an inner wall of said casing, and (3") a 
zigzag-folded laminate electrode assembly accom- 
modated in said space, operatively with said non- 
aqueous electrolyte, 

said zigzag-folded laminate electrode 
30 assembly (3") comprising: 

a cathode comprising (a"-1) a cathode metallic 
foil capable of serving as a cathode current col- 
lector, and (a"-2) a cathode active material 
35 layer formed on at least one side of said cath- 

ode metallic foil (a"-1), 

an anode comprising an anode active material 
layer, and 

a separator disposed between said cathode 
40 and said anode, 

said cathode, said anode and said separator 
being folded together into a zigzag-folded laminate 
structure, wherein said cathode active material 
45 layer and said anode active material layer are 
arranged opposite to each other through said sepa- 
rator, 

said battery having a cathode-equipotential 
metallic segment provided in association with said 

50 cathode, wherein said cathode-equipotential metal- 
lic segment has on at least one side thereof a por- 
tion free of a cathode active material layer to 
provide a cathode-equipotential, exposed metallic 
portion (a") having a length of one layer or more of 

55 the zigzag-folded laminate structure, 

said cathode-equipotential, exposed metallic 
portion (a") being positioned opposite to an anode- 
equipotential, exposed metallic portion (p"), which 
portion (p") is provided, in association with said 
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anode, over a length of one layer or more of the zig- 
zag-folded laminate structure. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 7 
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FIG. 8 
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